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ABSTRACT 


This  paper  comprises  a  review  of  the  contribution  of  the 
small-  and  medixam-sized  manufactxaring  business  sector  to  the  US 
defense  industrial  base,  the  state  of  adoption  of  modern  process 
technology  in  small-  and  medium-sized  manufacturing  in  five 
industry  groups,  a  review  of  the  National  Institute  of  Standards 
and  Technology's  Manufacturing  Technology  Program  and  its 
performance  evaluation  processes,  and  recommendation  for  featxures 
of  future  DOD  manufacturing  improvement  programs. 
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SMALL  BUSINESS  MANUFACTDRING  -  AM  IMPORTANT  COMPONENT  OF 
THE  US  DEFEMSE  INDDSTRIAL  BASE 

Section  l  -  Introduction 
Challenges  in  the  US  Defense  Industrial  Base 

The  end  of  the  Cold  War  has  caused  profound  global  political 
and  economic  changes.  The  resulting  downsizing  and  restructuring 
of  global  defense  industries  has  left  US  strategic  defense 
planners  with  the  difficult  task  of  fostering  the  vitality  of  the 
surviving  US  defense  technology  industrial  base. 

The  defense  technology  industrial  base  is  that  alliance  of 
people,  institutions,  technological  know-how,  and  facilities  used 
to  design,  develop,  manufacture,  and  maintain  the  weapons  and 
supporting  defense  equipment  needed  to  meet  US  national  security 
objectives.  This  base  consists  of  three  broad  components;  a 
research  and  development  component,  a  production  component,  and  a 
maintenance  component,  each  of  which  includes  private  and  public 
sector  employees  and  facilities.^  The  private  sector  consists  of 
the  major  defense  contractors  and  their  suppliers,  which  includes 
small  business  manufacturers. 

US  defense  companies,  both  large  and  small,  have  implemented 
different  strategies  to  adjust  to  industry  over-capacity  in  the 
shrinking  market.  These  strategies  include  commercialization  of 
defense  technologies,  restructuring,  consolidation,  or  even 
abandonment  of  the  defense  business.  Additionally,  there  is 
intense  competition  between  government  and  industry  for  their 
"proper”  share  of  the  remaining  research  and  development  and 
depot  work.  When  this  process  of  government  and  private 
downsizing  reaches  dynamic  equilibrium,  it  is  crucial  to  US 
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security  that  the  resulting  defense  industrial  base,  (government 
and  industry,  large  and  small  business)  be  viable  and  capable  of 
meeting  our  future  evolving  defense  needs.  One  certain  outcome 
of  downsizing  will  be  the  increased  dependence  of  the  defense 
sector  on  the  commercial  base  for  both  production  capacity  and 
technology  advancements,  particularly  for  common  components  where 
a  strong  commercial  market  exists, 
ffftiwtnercial  Industrial  Base 

One  aspect  of  the  increased  integration  of  the  industrial 
bases  is  the  undeniable  reality  that  a  strong  and  competitive 
commercial  industrial  base  is  vital  to  both  US  national  economic 
and  security  interests. 

However,  all  is  not  well  in  the  US  commercial  sector.  The 
US  is  experiencing  greater  competition  in  both  foreign  and 
domestic  markets  for  all  products.  US  consumers  increasingly 
demand  quality  products  of  world  class  design,  products  which 
incorporate  timely  innovations,  and  are  supported  by  easily 
accessible,  comprehensive  customer  service.  These  demands  are 
often  met  by  more  responsive  foreign  suppliers. 

One  consequence  of  global  competition  is  that  there  is  a 
growing  US  commercial  reliance  on  foreign  sources  for  goods  and 
services  including  those  of  high  technology.  Although  US  science 
and  technology  remains  world  class,  US  industry  has  been  unable 
to  exploit  many  commercial  possibilities  of  new  technologies, 
e.g.  consumer  electronics,  fax  machines,  and  the  copying  machine 
industries.  As  markets  are  lost,  the  US  loses  manufacturing 
jobs,  industrial  capabilities,  sources  of  export  income,  and 
opportunities  to  expand  its  future  technological  frontiers. 
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without  changes  in  the  way  government  and  business  operate,  this 
declining  cycle  is  expected  to  continue. 

CQvrnnent*8  Role  in  Promoting  Technology 

There  is  general  political  acceptance  that  one  role  for 
government  is  to  provide  policies  and  programs,  when  needed,  that 
improve  the  operation  of  the  private  sector.  There  are  number  of 
DOD  programs  that  are  structured  to  improve  manufacturing 
efficiency  and  competitiveness  of  the  defense  industrial  base. 

One  successful  program  is  the  DOD  manufacturing  technology 
program,  or  MANTECH,  which  focuses  on  improvements  to  manufacturing 
technologies  that  support  defense  needs.  MANTECH  is  credited  with 
improvements  in  the  manufacture  of  composite  materials,  in 
shipbuilding  technology,  and  in  turbine  engine  repair.  It  is 
funded  at  $297  million  for  Fiscal  Year  1993. 

The  latest  DoD  program  is  the  Advanced  Research  Projects 
Agency  (ARPA)  managed  technology  reinvestment  program,  whose 
objectives  are  to  facilitate  diversification  and  deployment  of 
defense  technologies  to  commercial  processes  and  products.  The 
National  Defense  Authorization  Act  for  Fiscal  Year  1993,  PL  102- 
396,  directed  to  the  issues  of  national  defense  technology  and 
industrial  base.  It  authorized  $694  million  for  Fiscal  Year  1993. 

In  downsizing  the  defense  industrial  base,  one  should  not 
overlook  the  need  to  improve  the  manufacturing  capabilities  and 
commercial  competitiveness  of  small  business  manufacturers  as 
future  sources  of  defense  hardware  components.  However,  no  defense 
program  is  directed  specifically  to  needed  improvements  in  the 
competitiveness  of  the  small  business  manufacturing  sector  of  the 
defense  industrial  base.  One  non-defense  approach  to  improve  the 
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competitiveness  and  productivity  of  small  business  is  the  National 
Institute  of  Standards  and  Technology's  (NIST)  Manufacturing 
Technology  Program.  This  is  a  program  with  Fiscal  Year  1993 
funding  of  $15.7  million.  The  NIST  program  provides  a  useful  model 
for  industry-government  cooperation  in  improving  the 
competitiveness  of  the  small  business  manufacturing  sector  of  the 
industrial  base. 

This  Paper's  Focus 

This  paper  will  focus  on  the  contributions  of  small-  and 
medi\im-sized  manufacturing  business  sector  to  the  US  defense 
industry,  the  state  of  adoption  of  modern  manufacturing  process 
technology  in  five  indusry  groups,  a  review  of  the  NIST 
Manufacturing  Technology  Program,  and  recommendations  for  features 
of  future  DOD  manufacturing  improvement  programs. 

Section  2  -  Why  small  business  maaufacturina  is  important 
Small  Business  in  the  US  Economy 

The  share  of  the  US  Gross  Domestic  Product  (GDP)  belonging  to 
the  manufacturing  sector  is  nearly  nineteen  percent,  sharing  with 
the  service  sector  as  the  leading  sectors  of  the  GDP.^  Small  firms 
represent  a  sizable  portion  of  US  manufacturing.  Small  and  medium¬ 
sized  firms  (those  below  500  employees)  account  for  35  percent  of 
the  manufacturing  work  force. ^  In  some  important  industries  the 
small  business  contribution  is  larger. 

Employment  growth  in  the  small  business  sector  is  strong.  The 
U.S.  Small  Business  Administration  reports  that  for  the  period  1988 
to  1990  job  growth  for  all  small  business  was  3.1  million,  while 
jobs  in  large  business  decreased  by  .5  million.  In  the 
manufacturing  sector  the  total  loss  of  nearly  l  million  jobs  was 
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confined  to  big  business  while  in  the  same  period  the  number  of 
jobs  in  small  manufacturing  businesses  showed  a  slight  increase.^ 


Small  Business  in  the  Department  of  Defense 

Surprisingly,  small  business  provides  between  forty  and  fifty 
percent  of  the  dollar  value  of  DOD  procurement.  Table  1  shows  that 
in  the  Department  of  Defense  over  20  percent  of  the  prime  contract 
dollars  goes  to  small  business.  Table  2  shows  that  of  the 
remaining  80  percent  that  does  not  go  directly  to  small  business, 

34  percent  of  that  dollar  value  is  subcontracted  to  small  business. 


Table  1.  Department  of  Defense  Primary  Contract  Awards  for  Fiscal 
Year  1992  Categorized  by  Total  Business  and  Small  Business  for  the 
Total  Department  and  for  the  Services . ^ 


CATEGORY 

ALL 

BUSINESS 
($  Billion) 

SMALL 
BUSINESS 
($  Billion) 

PERCENT 

SMALL 

BUSINESS 

TOTAL 

117.2 

24.0 

20.8 

ARMY 

25.3 

6.1 

24.2 

NAVY 

38.2 

7.6 

20.0 

AIR  FORCE 

33.7 

4.7 

13.8 

DEFENSE  LOGISTICS 
AGENCY 

7.3 

3.0 

40.6 

OTHER  DEFENSE 
AGENCIES 

9.9 

1.6 

15.9 

CIVIL  FUNCTIONS 

2.7 

1.0 

38.3 
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Table  2.  Small  Business  Score  Card,  Percent  of  All  Subcontracting 
Dollars  Awarded  to  Small  Businesses  by  Large  Defense  Contractors, 
Fiscal  1991/ 


Company 

Percent 

Small 

Business 

Company 

Percent 

Small 

Business 

Boeing 

10.2 

Martin  Marietta 

21.4 

General  Dynamics 

38.4 

McDonnell 

Douglas 

15.8 

'  'neral  Electric 

38.9 

Northrup 

12.5 

Grumman 

30.0 

Raytheon 

51.8 

Hughes  Aircraft 

42.9 

TRW 

37.2 

Lockheed 

3.9 

United 

Technologies 

46.1 

i  Large  Defense  Contractor  Average  34.0  | 

Section  3  -  The  state  of  process  automation  in  PS  industry 
Bttreau  of  Census  Findings 

The  1990  report  of  the  MIT  Commission  on  Industrial 
Productivity  observes  that,  overall,  US  business  has  been  slow  at 
adapting  appropriate  process  technologies  that  are  required  to 
remain  competitive  in  global  markets/  This  is  even  more  evident 
for  small  business. 

In  the  latest  survey  of  manufacturing  process  capabilities 
conducted  by  the  Bureau  of  the  Census  in  1988®,  nearly  10,000 
companies  with  over  20  employees  were  reviewed.  The  survey 
covered  the  use  of  seventeen  available  manufacturing  process 
technologies  in  five  basic  manufacturing  industries.  This  survey 
is  an  indicator,  although  imperfect,  of  overall  industry 
modernization. 
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.  The  five  industries  reviewed  in  this  survey  are  identified 
by  the  standard  industry  classification  (SIC)  two  digit  codes. 
They  are:  34  Fabricated  Metal  Products,  35  Industrial  Machinery 
and  Equipment,  36  Electronic  and  Other  Electrical  Equipment,  37 
Transportation  Equipment  and  38  Instruments  and  Related  Products. 
A  detailed  four  digit  listing  of  the  industry  classification  is 
listed  in  Appendix  A. 

Table  3  summarizes  the  results.  Surprisingly,  nearly  24 
percent  of  the  companies  surveyed  used  none  of  the  seventeen 
process  technologies.  Technology  use  varied  cunong  industries. 

For  example,  computer  use  on  the  factory  floor,  an  indicator  of 
computer  integrated  manufacturing,  ranged  from  a  low  of  21 
percent  for  Fabricated  Metal  Products,  (SIC  34) ,  to  a  high  of  35 
percent  in  Industrial  Machinery,  (SIC  36) .  Guided  vehicle 
systems  exhibited  the  lowest  use  in  all  five  industries,  perhaps 
indicating  that  this  is  either  an  inappropriate  technology  for 
these  industries  or  one  that  is  not  cost  effective. 

Table  4  shows  that  the  degree  of  adoption  of  process 
technology  strongly  increases  with  plant  size.  In  addition  to 
utility,  one  consideration  affecting  technology  acceptance  is  its 
relative  affordability,  which  increases  with  capitalization  and 
plant  size.  Clearly,  the  decision  to  invest  $100,000  in  new 
technology  has  a  greater  impact  on  the  survival  of  a  small 
business  than  it  does  on  a  larger  business. 

Nearly  one-third  of  the  Fabricated  Metal  Products  (SIC  34) 
plants  used  none  of  the  technologies,  which  is  the  lowest 
adoption  rate  of  the  five  industries.  As  shown  later,  this 
industry  (SIC  34)  has  also  the  highest  fraction  of  small  plants. 
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Table  3 .  Industry  Use  of  Process  Technology  by  Two-Digit  Industry 
Code.’ 


34 

35 

36 

37 

38 

Ave 

Design  t  Engineering 


Computer  Aided  Design 

26.8 

43.2 

48.5 

39.9 

48.9 

39.0 

CAD  controlled 
machines 

13.1 

21.6 

16.0 

16.6 

14.6 

16.9 

Digital  CAD 

6.5 

11.0 

12.8 

10.0 

12.5 

9.9 

i  Flexible  Machining  &  Assembly  I 

Flexible 

Manufacturing  Systems 

m 

11.0 

11.9 

12.6 

10.8 

10.7 

NC/CNC  Machines 

32.2 

56.7 

34.9 

37.3 

33.6 

41.4 

Materials  Working 
Lasers 

2.9 

3.6 

B 

B 

m 

B 

Pick/Place  Robots 

m 

5.8 

13.1 

10.4 

8.6 

7.7  1 

Other  Robots 

5.2 

6.9 

10.5 

4.4 

n: 

Automated  Material  Ean<! 

lling  1 

Automatic  Storage/ 
Retrieval  Systems 

1.0 

3.6 

^B 

m 

Guided  Vehicle 

Systems 

0.8 

m 

1.8 

3.3 

1.3 

1  Automated  sensor  Based  Inspection  I 

Materials  Receiving 

8.5 

16.2 

12.7 

12.2 

10.0 

Final  Product 

8.3 

9.9 

22.2 

14.4 

15.4 

12.5 

Communication  6  Contro] 

1 

LAN  for  Tech  Data 

13.4 

18.5 

24.9 

22.0 

25.8 

18.9 

Factory  LAN 

11.6 

16.3 

21.1 

18.7 

21.3 

16.2 

Intercompany  Computer 
Network 

14.9 

12.4 

16.2 

21.7 

13.8 

14.8 

Programmable 

Controllers 

26.8 

33.9 

38.0 

32.0 

32.7 

B; 

1  Computer  Used  on 

1  Factory  Floor 

21.1 

28.1 

34.5 

27.4 

32.3 

27.3 

Note:  The  report  did  not  prorate  non-responses. 
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Table  4 .  Use  of  Technologies  by  Industry  Group  and  Plant  Si2e^° 


Technologies  Used 

None 

At  Least  1 

5  or  More  1 

1  Employment  Size  I 

20  to  99 

30.5 

60.9 

13.2 

100  to  499 

10.1 

83.2 

27.4 

500  and  over 

1.5 

93.7 

79.4 

1  SIC  Major  Industry  I 

34  Fabricated  Metal 
Products 

32.6 

58.6 

17.0 

35  Industrial  Machinery 

18.1 

75.6 

23.1 

36  Electronic  Equipment 

17.1 

73.4 

30.1 

37  Transportation 
Equipment 

28.2 

62.7 

28.7 

38  Instr\iments 

21.3 

72.3 

25.8 

Note:  The  referenced  survey  did  not  prorate  non-responses. 


Table  5  shows  that  in  each  industry,  companies  with  500 
employees  or  less  account  for  over  97  percent  of  the  plants.  The 
small  business  share  of  total  industry  varies  greatly  among  the 
five  industries.  However,  in  the  Transportation  Equipment 
industry  (SIC  37) ,  which  includes  both  automotive  and  aircraft 
manufacture,  small  business  suppliers  account  for  only  4.9 
percent  of  the  sales  with  7.9  percent  of  the  employment.  In 
Fabricated  Metal  Products  (SIC  34),  small  business  represents  the 
largest  percent  of  the  sales  and  employment,  54.5  percent  and 
59.2  percent  respectively. 
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Table  5.  A  Summary  of  Business  Statistics  for  the  Five  Industry 
Groups .  ^  ^ _ 


SIC 

34 

35 

36 

37 

_ 38 _ 1 

Total  Industry  Data  I 

BBBfM 

8,727 

8,407 

Employees 

(Thousands) 

1,363.7 

2,101.7 

1,630.0 

3,081.8 

1,389.9 

Payroll 
($  Billions) 

31.7 

60.8 

40.6 

101.6 

40.3 

Sales 

($  Billions) 

130.0 

207.7 

153.2 

459.2 

135.7 

1  Industry  Data  for  companies  with  500  employees  or  less  I 

K^BfB 

8,225 

Employees 

(Thousands) 

806.9 

869.9 

462.1 

244.4 

229.6 

Payroll 
($  Billions) 

17.4 

21.3 

8.9 

■B 

Sales 

($  Billions) 

70.8 

71.7 

34.3 

22.3 

19.3 

1  Percent  of  Industry  with  500  employees  or  less  i 

1 

1 

99.2 

99.2 

97.6 

97.7 

97.8 

Employees 

59.2 

41.4 

26.1 

7.9 

16.5 

Payroll 

55.0 

35.0 

21.9 

5.0 

13.5 

1  Sales 

54.5 

34.5 

22.4 

4.9 

14.2 

Note:  Total  industry  data  is  projected  from  the  survey  sample. 


Table  6  is  a  summary  analysis  of  census  data  providing  a 
macro  look  at  measures  of  change  in  average  productivity  with 
factory  size.  There  are  two  productivity  measures:  sales  per 
employee  and  payroll  per  employee.  Average  sales  per  employee 
varies  among  industries,  representing,  in  part,  industry 
differences  in  the  portion  of  purchased  material  used  in  their 
final  products. 
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Review  of  Table  6  shows  two  features  of  interest:  (1) 
productivity,  using  either  measure,  increases  with  plant  size  and 
(2)  the  most  technology  rich  industry.  Transportation  Equipment, 
(SIC  37) ,  shows  the  highest  average  salary,  while  the  least 
technology-adopting  industry.  Fabricated  Metal  Products,  (SIC 
34) ,  shows  the  lowest  average  salary. 


Table  6.  A  Sximmary  of  Average  Productivity  Measures  for  the  Five 


Industries  Over  the  Ran^ 

fe  of  Plant  Sizes. 

Humber  of 
Employees 

34 

35 

36 

37 

38 

i  $  Sales  /  Employee  I 

1  to  49 

ns 

80,091 

50  to  99 

85,754 

Bn 

HI9H9 

83,049 

100  to  249 

HSRB9 

79,339 

89,375 

250  to  499 

98,886 

90,147 

92,661 

84,686 

500  &  over 

100,284 

H9599H 

95,349 

HSSBl 

ISBSI 

97,616 

1  $  Payroll  /  Employee  I 

1  to  49 

iE9E9l 

IHEBI 

22,870 

50  to  99 

IIIIIE9EES 

23,161 

100  to  249 

22,539 

WHEHM 

11^911^^91 

24,059 

250  to  499 

IISSBI 

24,627 

500  &  over 

WBBS 

33,997 

30,095 

Average 

23,232 

28,950 

24,917 

BBB9 

29,029 

In  the  1988  survey,  over  42  percent  of  the  responding 
companies  reported  that  they  did  business  with  the  defense 
sector.  The  reported  use  of  the  process  technologies  was  higher 
for  these  companies  than  for  the  total,  with  82  percent  reporting 
using  at  least  one  technology,  versus  76  percent  for  the  whole 
sample. 
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Table  7  (below)  shows  this  trend  at  the  process  technology 
level.  Companies  that  identify  the  government  as  their  major 
customer  have  higher  technology  adoption  rates  than  those 
companies  supplying  either  the  consumer  or  commercial  sectors. 

One  may  conjecture  fcrhether  the  DoD  acquisition  requirements  and 
processes  fosters  the  growth  of  higher  technology  companies,  or 
whether  only  those  companies  that  have  the  assets  to  accpiire 
technology  have  the  capability  of  also  dealing  with  DOD  or  its 
prime  contractors. 

SDMMftRY 

Nearly  50  percent  of  DOD  procurement  is  with  small  business. 
Companies  with  500  employees  or  less  are  a  major  component  of 
commercial  manufacturing  plant  and  sales.  For  the  five 
manufacturing  industries  reviewed,  businesses  with  less  than  500 
employees  represent  over  97  percent  of  the  companies  and  over 
$215  billion  in  total  sales. 

On  the  average  these  businesses  are  less  productive,  with 
average  productivity  decreasing  with  decreasing  plant  size. 

These  companies  are  also  less  modern,  as  measured  in  the  rate  of 
adaption  of  modern  process  technologies. 

Companies  that  report  doing  business  with  either  DOD  or 
government  indicate  a  higher  use  of  process  technologies  than  do 
the  average  companies.  The  reason  for  this  effect  is  open  to 
conjecture. 

All  government  and  DOD  initiatives  to  improve  US 
manufacturing  productivity  and  competitiveness  should  include  the 
needs  of  the  important  small-  and  medium-sized  manufacturing 
sector . 
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Table  7 .  Percent  Use  of  Selected  Technologies  by  Market 
Most  Products^^ 


Com- 

aercial 


Govern 

ment 


Flexible  Machining  &  Aasembl 


Flexible  Manufacturing 
Systems 


NC/CNC  Machines 


Materials  Working 
Lasers 


Pick/Place  Robots 


Other  Robots 


Automated  Material  Handlin 


Automated  Storage/ 
Retrieval  Systems 


Guided  Vehicle  Systems 


Automated  Sensor  Based 
Receiving  Inspection 


Automated  Sensor  Based 
Final  Inspection 


Commtinication  6  Control 


LAN  for  Tech  Data 


Factory  LAN 


Intercompany  Computer 
Network 


Programmable  Controllers 


Computer  Used  on  Factory 
Floor 


10.2 


11.5 


19.2 


16.1 


17.2 


17.5 


34.5 


27.1 


24.4 


22.0 


16.4 


34.3 


33.0 


28.8 


22.8 


13.9 


39.4 


41.0 


Ave¬ 

rage 


Computer  Aided  Design 

27.6 

49.1 

57.0 

39.0 

CAD  controlled  machines 

9.7 

19.3 

30.1 

16.9 

1  Digital  CAD 

8.8 

13.2 

17.8 

9.9 

10.0 


18.9 


16.2 


14.8 


32.1 


27.3 
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flection  4  -  NIST  Protyraa  -  Manufacturing  Technology  Centers 
Menufacturina  Tecnnoloov  Centers;  The  Concept  and  Its  Legislation 

One  successful  government  program  to  improve  the  efficiency 
and  competitiveness  of  small  manufacturing  businesses  was  the 
establishment  of  regional  manufacturing  technology  centers  by  the 
Japanese  government  following  World  War  II.  These  centers 
provided  small  businesses  with  technical  support  on  a  range  of 
manufacturing  problems.  The  concept  gained  wide  acceptance  and 
today  there  are  over  170  centers  throughout  Japan. 

A  prototype  manufacturing  technology  center  program  was 
begun  here  under  the  Omnibus  Trade  Act  of  1988.  Title  V, 

Subtitle  B,  Part  I  of  Public  Law  100-418,  of  this  Act  is  known  as 
the  ’’Technology  Competitiveness  Act”.  It  authorizes  the  Director 
of  the  National  Institute  for  Standards  and  Technology  (NIST)  to 
provide  assistance  in  the  creation  and  support  of  Regional 
Centers  for  the  Transfer  of  Manufactxiring  Technology.  These 
Centers  are  affiliated  with  non-profit  organizations.  The 
objectives  of  the  Centers  are  to  enhance  productivity  and 
technological  performance  in  US  manufacturing  through 

(1)  the  transfer  of  manufacturing  technology  and  techniques 
developed  in  the  Institute  to  the  Center  and,  through  them, 
to  manufacturing  companies  throughout  the  United  States; 

(2)  the  participation  of  individuals  from  industry, 
universities.  State  governments,  other  Federal  agents,  and, 
when  appropriate,  the  Institute  in  cooperative  technology 
transfer  activities; 


(3)  efforts  to  make  new  manufacturing  technology  and 
processes  usable  by  the  United  States-based  small-  and 
medium-sized  companies; 

(4)  the  active  dissemination  of  scientific,  engineering, 
technical,  and  management  information  about  manufacturing  to 
in  industrial  firms,  including  small-  and  medium-sized 
manufacturing  companies;  and 
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(5)  the  utilization,  when  appropriate,  of  the  expertise  and 
capability  that  exists  in  Federal  laboratories  other  than 
the  Institute. 

The  activities  of  the  Centers  shall  include  - 

(1)  the  establishment  of  automated  manufacturing  systems  and 
other  advanced  production  technologies,  based  on  research  by 
the  Institute,  for  the  purpose  of  demonstrations  and 
technology  transfer; 

(2)  the  active  transfer  and  dissemination  of  research 
findings  and  Center  expertise  to  a  wide  range  of  companies 
and  enterprises,  particularly  small-  and  medium-sized 
manufacturers ;  and 

(3)  loans,  on  a  selective,  short-term  basis,  of  advanced 
manufacturing  equipment  to  small  manufacturing  firms  with 
less  than  100  employees. 

The  Secretary  of  Commerce  is  authorized  to  fund  a  Center  for 
up  to  six  years.  For  the  first  three  years  federal  funding  is  at 
level  not  to  exceed  either  $3  million  or  50  percent  of  the 
Center's  capital,  operating  and  maintenance  requirements.  The 
Center  and  its  sponsor  provide  the  remaining  support.  During  the 
third  year,  the  Act  requires  that  an  independent  review  board 
assess  each  Center's  performance  against  the  objectives  of  the 
Act.  If  the  evaluation  is  positive,  the  Secretary  may  continue 
funding  at  declining  levels  through  the  sixth  year.  At  year 
seven,  each  Center  will  be  self  supporting. 

Manufacturing  Technology  Center  Propran  Implementation 

There  are  currently  seven  Manufacturing  Technology  Centers. 
The  Centers  serve  client  needs  that  are  unique  to  their 
particular  regions.  They  provide  services  such  as  in-depth 
assessments  of  client  business  operations,  aid  in  selecting  and 
implementing  new  technologies,  technical  service,  project  work 
and  training. 


Each  Center  is  required  to  report  quarterly  on  its 
accomplishments,  program  and  personnel  changes,  marketing, 
budgets,  and  general  program  information.  Center  accomplishments 
include  technology  transfer,  training,  demonstrations,  projects 
involving  industry/ user  collaborations,  patents  and  inventions, 
publications  and  presentations,  and  equipment  and  facility 
acquisitions.  Program  information  includes  an  evaluation  of  the 
economic  benefits  realized  by  the  industrial  clients.  The 
centers  are  listed  in  Table  8. 


Table  8.  The  National  Institute  of  Standards  and  Technology 
Manufacturing  Technology  Centers. _ 


Center 

Location 

Founded 

Region  Served 

Major 

SIC 

Northeast 

Manufacturing 

Technology 

Center 

Troy,  New 
York 

1989 

New  York, 
Massachusetts , 
Pennsylvania, 
and  Maine 

34XX 

35XX 

Great  Lakes 
Manufacturing 
Technology 
Center 

Cleveland, 

Ohio 

1989 

Ohio, 

Pennsylvania , 
Indiana  and 
Great  Lakes 

34XX 

35XX 

Southeast 

Manufacturing 

Technology 

Center 

Columbia, 

South 

Carolina 

1989 

South  Carolina 

24XX 

308X 

36XX 

Mid-America 

Manufacturing 

Technology 

Center 

Overland 

Park ,  Kansas 

1991 

Kansas  and 
Kansas  City, 

MO  area 

34XX 

352X 

372X 

Midwest 

Manuf  actur ing 

Technology 

Center 

Ann  Arbor, 
Michigan 

1991 

Michigan 

3429 

371X 

California 
Manuf  actur ing 
Technology 
Center 

Torrance , 
California 

1992 

Torrance  Area 

376X 

Upper  Midwest 
Manufacturing 
Technology 
Center 

Minneapolis, 

Minnesota 

1992 

Minnesota 

308X 

34XX 

35XX 

Table  9.  Year  end  Summary  of  the  Activities  of  the  Great  Lakes 
Manufacturing  Technology  Center. _ 


Table  9  summarizes  the  services  provided  by  Great  Lakes  MTC, 
which  are  typical  of  MTC  activity.  In  1991  the  Government 
Accounting  Office  reviewed  the  performance  of  the  first  three 
centers  for  the  first  thirty  months  of  operation.  The  1989  and 
1990  values  of  Table  9  are  taken  from  the  GAO  report.’*  The  1991 
and  1992  values  were  provided  by  the  MTC.  NIST  reports  that  for 
the  first  three  centers,  the  clients  reported  a  total  dollar 
benefit  to  their  companies  of  $226  million  from  1989  through 
March  1993.’^  This  is  an  unusually  high  return  on  the 
government's  investment,  greatly  exceeding  the  government's 
maximum  annual  contribution  of  $9  million  for  the  three  centers. 

The  major  benefit  of  the  program  was  not  that  it  succeeded 
in  transferring  the  latest  technologies  to  the  client,  but  that 
it  provided  the  appropriate,  and  generally  low  technology 
solution  that  satisfied  the  client's  immediate  needs. 


Manufacturers 
contacted _ 

Projects  started 


On-site 

assessments 


Workshops, 
seminars  and 
forums 


Companies  using 

demonstration 

facilities 


Federal 

technologies 

transferred 


Estimated 
company  benefits 
($  Million) 


1,254 
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Manufacturing  Technology  Center  Program  Rvaluation  Panel 

As  required  in  the  law,  an  independent  panel  is  selected  to 
review  the  performance  of  the  program  and  its  centers  and  to 
report  their  findings  to  the  Secretary  of  Commerce.  In  1992  the 
Third  Year  Review  Panel’*  recommended  "that  NIST,  in  consultation 
with  the  MTCs  and  others  develop,  develop  criteria  for  evaluating 
three  areas  (1)  MTC  performance;  (2)  agreed-upon  methods  for 
evaluating  the  effectiveness  of  both  individual  MTCs  and  the  MTC 
progreun;  and  (3)  standardized  means  of  describing  program 

activities.  These  program-wide  tools  might  include  the 
following: 

Measures  for  assessing  the  needs  of  small-  and  medium-sized 
firms  for  advance  manufacturing  technology  and  technological 
assistance. 

Measures  for  assessing  the  needs  for  new  and  existing 
manufacturing  technologies  so  that  MTCs  can  identify  service 
delivery  priorities  among  clients,  industries  and  regions. 
MTCs  can  identify  service  delivery  priorities  among  clients, 
industries,  and  regions. 

Measures  for  determining  the  rate  of  adoption  of  new  and 
existing  technologies  by  MTC  clients. 

Evaluation  methods,  including  specification  of  control 
groups,  for  identifying  the  MTCs  contribution  to  the 
technological  modernization  of  their  clientele. 

Standardized  formats  among  MTCs  for  assessing  the  benefits 
of  their  service  to  clients. 

Criteria  for  establishing  and  evaluating  an  MTC  broadened 
beyond  federal  technology.”’^ 

As  a  consequence  of  these  recommendations  of  the  independent 
panel,  NIST  established  the  NIST/MTC  Evaluation  Working  Group  to 
develop  the  standardized  reporting  tools.  NIST  and  each  MTC  had 
representatives  on  the  Working  Group.  The  products  of  this 
Working  Group  will  be  discussed  in  the  next  section. 
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The  Third  Year  Review  Panel  recognized  that,  in  practice, 
productivity  gains  for  the  clients  were  normally  achieved  using 
proven  technology  that  was  appropriate  to  the  problem.  The 
transfer  of  advanced  technologies,  emphasized  in  the  current 
legislation,  did  not  meet  the  immediate  needs  of  most  small-  and 
medium-sized  manufacturers.  Major  productivity  gains  were  often 
achieved  through  the  application  of  low  cost,  low  technology 
solutions. 

MIST/MTC  Evaluation  Working  Group  Proposals 

The  report  of  the  NIST/MTC  Evaluation  Working  Group  is 
summarized  bere.^®  The  goal  of  the  Working  Group  was  to  develop 
a  systematic  evaluation  tool  to  monitor  the  performance  of  each 
MTC  and  its  impact  on  the  clients  served.  The  tools  are  (1) 
Center  Performance  Measure,  (2)  Client  Valuation  of  Center 
Impact,  and  (3)  Client  Performance  Measures. 

The  Center  Performance  Measure  requires  all  MTCs  to  report 
their  performance  quarterly  in  the  new  standardized  format.  In 
addition  to  financial  and  staffing  reports,  each  MTC  provides 
statistics  on  services  it  provided  and  on  the  technical 
assistance  it  provided  (subdivided  by  category.)  The  quarterly 
report  summarizes  the  number  of  site  visits,  initiations  of 
informal  no  fee  client  contacts,  formal  client  operation 
assessments,  new  technical  assistance  projects,  number  of  sites 
served  and  the  number  of  employees  at  each  site,  attendance  at 
MTC  sponsored  training  events,  and  the  MTC  proposal  "hit  rate," 
or  projects  initiated  relative  to  total  projects  proposed, 
expressed  in  terms  of  both  dollars  and  niimber  of  proposals. 
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The  report  records  frequency  of  service  provided  to  clients 
for  a  number  of  technical  categories.  These  include  CAD/ CAM/ CAE, 
EDI /Communication/ LAN,  Business  Systems/Business  Management, 
Environmental,  Quality/ Inspection,  Plant  Layout /Manufacturing 
Cells,  Automation/Robotics,  Control  Systems/ Integration,  Market 
Development,  Material  Engineering,  and  Quick  Changeover /Setup. 

Mhen  a  project  is  completed,  the  second  report.  Client 
Valuation  of  Center  Impact,  is  svibmitted  to  the  MTC  and 
siammarized  in  the  subsequent  quarterly  report.  The  client 
provides  the  MTC  a  voluntary,  subjective  evaluation  of  the  annual 
benefit  that  it  saw  from  the  MTC  service.  Six  standard  measxires 
are  requested  for  the  MTC  project(s) :  changes  in  annual  sales, 
changes  in  investment,  capital  spending  avoidance,  changes  in 
inventory  relative  to  sale  levels,  changes  in  labor  and  material 
costs  relative  to  sales,  and  the  number  of  jobs  created,  saved, 
[or  lost] . 

Because  the  client  may  not  have  specific  values  for  these 
measures,  the  client's  subjective  judgement  is  accepted  as 
adequate  for  the  survey.  The  evaluation  form  also  provides  the 
client  with  an  opportvinity  for  open-ended  reactions  and  a 
subjective  overall  evaluation  of  the  project's  value.  When  a 
client  provides  partial  survey  results,  the  MTC  is  encouraged  to 
extrapolate  the  results  to  complete  the  response.  One  potential 
issue  is  that  lacking  a  rigorous  consistent  standard  for  the 
evaluation  of  savings,  the  MTC's  "Estimated  Company  Savings" 
value  should  be  used  with  caveats. 

The  third  evaluation  report  consists  of  the  Client 
Performance  Measures  which  are  submitted  annually  by  clients  that 
are  actively  served.  The  NIST /MTC  Evaluator  Working  Group 
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selected  a  limited  nximber  of  objective  measures  that  they 
anticipate  to  be  both  easily  available  to  the  clients  and 
sensitive  to  the  results  most  clients  expect.  The  Client 
Performance  Measure  establishes  a  baseline  of  the  client's 
performance  for  the  year  prior  to  service,  and  compares  that  to 
the  performance  dviring  the  year  following  the  project. 

The  nine  measures  of  performance  selected  by  the  working 
group  are  (1)  Scrap  Rate  (Scrap  Dollars/Sales};  (2)  Number  of 
employees  using  computers,  or  programmable  machine  controllers, 
at  least  weekly;  (3)  Overall  inventory  turns  (sales/ inventory) ; 
(4)  Sales  per  employee;  (5)  Manufacturing  lead  time;  (6)  Total 
sales;  (7)  Export  sales;  (8)  Employment;  and  (9)  Average  payroll 
per  employee. 

Section  5  -  Consideration  for  non  Quantifiable  Program  Benefits. 

The  NIST  measures  of  company  performancf^  meet  the  dual 
requirements  for  measures  that  are  easily  accessible  and 
sensitive  to  the  likely  desired  service  results  for  the  client. 
The  effort  of  the  Working  Group  has  been  thorough  and  its 
selection  of  a  limited  number  of  quantifiable  benefits  is 
comprehensive . 

Additional  useful  insights,  however,  could  be  easily 
provided  by  including  a  short  list  of  non-quant if iable  benefits 
that  addresses  additional  aspects  of  the  MTC  service.  Following 
an  extensive  review  of  the  literature  referenced  in  the 
bibliography,  I  propose  an  additional  survey  instrument,  which  is 
found  in  Table  10.  These  are  common  features  seen  in  those 
companies  that  compete  effectively  in  the  global  market. 
Addressing  these  features  provides  focus  for  companies  that  are 
striving  to  improve  their  overall  competitiveness.  Table  10 
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Table  10.  Proposed  Non-Quant if iable  Measures  for  the 
Manufacturing  Technology  Program  for  inclusion  in  the  Client 
Progress  Measures. 


PRODUCTION  PROCESS 


INCREASED  FOCUS  ON  PRODUCTION  PROCESSES 


IMPROVED  PROCESS  FLEXIBILITY 


INCREASED  PRODUCT  VARIETY 


DECREASED  LOT  SIZE 


ADOPTION  OF  BEST  MANUFACTURING  PRACTICES 


CONCURRENCY  IN  PRODUCT  DESIGN  AND  PROCESS 
ENGINEERING 


REDUCED  REWORK 


REDUCED  INSPECTION 


EMPHASIS  ON  CONTINUOUS  IMPROVEMENT 


IMPROVED  PRODUCT  QUALITY 


MANAGEMENT  RELATIONS 


EMPLOYEE  EMPOWERMENT 


REDUCED  DIRECT  MANAGEMENT  INVOLVEMENT 


INCREASED  WORKER  TRAINING  PROGRAMS 


USE  OF  WORK  TEAMS 


OPERATIONAL  PERFORMANCE  MEASUREMENT /REWARD  SYSTEM 


IMPROVED  EMPLOYEE  MORALE 


EXTERNAL  MEASURES 


IMPROVED  SUPPLIER  COOPERATION,  DELIVERY,  QUALITY 


REDUCED  ORDER  SHIP  TIME 


INCREASED  ON  TIME  DELIVERY 


EDI  LINKS  TO  CUSTOMERS /SUPPLIERS 


IMPROVED  CUSTOMER  SERVICE 


OVERALL  INCREASED  CUSTOMER  SATISFACTION 


IMPROVED  ENVIRONMENTAL  QUALITY 
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lists  these  factors  in  a  simple  to  use  format.  These  elements 
address  improvements  in  production  processes,  labor  management 
relations  and  external  measures. 

Section  6  -  NIST  Program  pimimwTy 

The  NIST  Manufacturing  Technology  Program  effectively 
addresses  one  major  shortcoming  of  the  industrial  base  —  the 
need  for  productivity  improvements  in  the  small-  and  medium-sized 
manufacturing  business.  The  program  is  well  structured  to 
provide  a  range  of  consulting  services  at  low  cost  that  have 
resulted  in  significant  client  benefits. 

The  overall  structure  of  the  Manufacturing  Technology  Center 
program  has  a  number  of  valuable  management  features  that  can 
provide  a  useful  model  for  any  future  related  DOD  programs. 

The  low  rate  of  program  growth  provided  NIST  with  the 
opportunity  to  easily  make  early  program  adjustments  and  obtain 
the  maximvim  benefit  from  lessons-learned.  The  program's  cost¬ 
sharing  and  sunset  provisions  provides  a  self  limiting  number  of 
pre-qualif ied  extension  center  sponsors  who  demonstrate  their 
commitment  to  the  program  objectives  through  their  initial 
financial  participation  and  their  later  obligation  for  future 
self  sufficiency. 

The  MTC  service  is  focused  on  first  gaining  a  thorough 
understanding  of  the  client's  problem,  processes  and  resource 
limitations,  e.g.  equipment,  manpower,  and  financial.  With  this 
understanding,  the  resulting  proposed  actions  often  require 
minimal  capital  investments  and  result  in  high  pay-back  returns. 
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Consistent  with  the  program  goal  of  productivity 
improvements,  NIST  seeks  to  limit  and  simplify  any  necessary 
program  reporting  requirements. 

Another  useful  feature  of  the  program  is  the  Review  Panel  of 
outside  experts  which  provides  valuable  feed-back  for  continuing 
improvement  in  the  operation  of  both  NIST  and  the  Manufacturing 
Technology  Centers.  Implementation  of  the  Review  Panel's 
findings  as  a  joint  NIST/MTC  team  action  produces  team  ownership 
of  both  the  issues  and  their  resolution. 

An  additional  evaluation  tool  is  proposed  to  survey  the 
presence  of  desirable  non-quantif iable  features  that  are  found  in 
global  competitive  companies  that  also  provides  a  useful 
questionnaire  for  MTC  client  interviews. 

Section  7  -  Conclusions  and  RecowmATid^tions 

US  global  competitiveness  in  technology  and  manufacturing 
are  key  elements  to  its  future  economic  and  military  security. 

One  result  of  the  ongoing  downsizing  of  the  defense  industries  is 
that  in  the  future  US  defense  needs  will  rely  more  heavily  on  the 
commercial  industrial  base  for  technology,  capacity  and 
flexibility.  Small  and  medium-sized  manufacturing  businesses  are 
an  important  component  of  the  industrial  base  and  represent 
between  40  and  50  percent  of  DOD  procurement. 

In  five  major  industry  groups  studied,  small  and  medium¬ 
sized  manufacturing  businesses  have  a  significant  share  of  both 
employment  and  sales.  These  sectors  are  less  efficient  and  less 
modern  than  the  industry  average.  Current  manufacturing 
technology  practice  in  small-  and  medium-sized  companies  require 
significant  upgrading  to  meet  the  competitive  demands  of  domestic 
and  global  markets. 
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The  National  Institute  of  Standards  and  Technology 
Manufacturing  Technology  Program  provides  a  valuable  model  for  an 
effective  government-industry  partnership  for  future  DOD  defense 
base  improvement  programs. 

In  a  period  where  the  Department  of  Defense  is  tsdcing  a 
leading  role  in  the  management  of  technology  reinvestment 
prograuns,  the  defense  contributions  and  needs  of  small-  and 
medium-sized  manufactxiring  business  should  not  be  overlooked. 
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Pans  lor  eompjiar  storapa  aoupmam.  suAsry*  *  .... 

ConpuMT  storapa  oaveas.  nxX... . . 


3573- 

35731 

35752 

35750 


CsNitpiflor  lafffdnals  ........... 

Cornpuwr  tormmais^ 

Pm  ler  computor  tarmmats’  * 
Cotnpidar  tarminais.  ft.s.<  ..... 


3S77- 

35771 

35772 
35770 


Computor  poripharsi  aoiiipmam,  rucx. 

Compuior  poripnarai  aou«mam.  n.tx.i  ......................................... 

Pattt  lor  eompuiar  panonaui  oouomarn.  ft.ax.* 

Computor  panpnarat  aeuprnanL  aax.  ruA  .................................... 


3576- 

35781 

35782 

35783 
35780 


Caleulating  artd  oeeountinp  opoipfnont  ............................................................ 

Aeeounbng  maertnos  ane  easft  roputars’  .......................................................... 

Cateuators’ . . . 

Pans  Ipr  caieuiabng  ane  aseourtuig  maeninsai...................................................... 

Caiculsbnp  and  acsounting  maenmas.  nxA  ........................................................ 


3573- 

35782 

35783 
35765 
35796 
3576A 
35790 


Olfltis  macMnas.  ruax...... 

Aumatie  typinp  and  were  proctaaine  manmat* 

Oupjcabnp  maenmas’ . . 

Malino.  itntr  rundbnp.  and  aodresainc  machtnos*  ......... 

Sianeare  lypawrmofs  ane  eflea  maenmas.  n.ax.’  ...h....... 

Peru  lor  otSsa  rruenmas.  n.a.c.*  .......................... 

OMea  masPinos.  r.  ax..  ftAA . . 


3561- 

35811 

33812 

35810 


Auiemattc  marehartdisirtp  vanding  maePtnes.................. ........... 

Automatic  marePandumg  maenmat’ . . 

Coin-oparatae  maenanoms  ane  pans  tp*  automaac  martPandsti^  marttinas 
Auiematie  marcPanOising  rnacpmat.  nxx  ................................ 


3562-  Commarrtal  laundry  aouipmani 
33820  Commarcia?  taunerv . 


3383- 

35831 

33832 

35833 

33834 

33835 
33856 
35659 
3383C 
3383D 
35850 


Rstrtpamtion  and  Paatmg  aoutpmam....................^........... 

Haaibantiaf  aouomtnt* . . 

Unrury  atr^xoftOdionars* . . . 

Comrnarciai  ramps ratys  ane  raiatae  aouemtm 
Cemprasaers  ane  eomprassy  umts.  at:  ratnparan^ 

Rampardtioft  conpsnpng  units  (eamptata)> . . 

Room  air«conattentfs  ane  oonumi*f*tfi» ............................. 

Rdtripofition  ane  ar-conpraompQ  aouomem.  ft.ex.  .................... 

Warm  air  Pmaeas.  numidif^rs.  ane  attetn;  wmSon  Paating  aouipmanP.. 
Pans  lor  air<ondit»onin9.  ramptration.  ane  ntating  ooupmom........... 

Romparatioft  arts  ntaw^  aouomam.  r..iM . . 


3386-  Maaaurtng  and  dtsponaing  pumps 
35860  Masstamg  sne  disponsmg  pumps 


3566- 

33691 

33663 

35662 

35660 


Sofvics  industry  moePinary.  n.ax.* . . 

CemmorDal  eootiin;  ane  foec  warrmng  acu^mom 

Commarctai  ans  fnousna'  vacuum  ctaanan . . 

Sorvieo  inoustry  macPmas  ft.cx..  ans  psr^ . 

Sonnet  tnduwy  macnm#^,  r  ax.,  n.%  r.  . 


3582- 

33621 

35622 

35623 
35620 


Corburoters.  pistoru.  rings,  sne  vsivas . 

Csrburotors.  ruw  sns  raomn..... . 

Rdtm.  piston  nnps.  ax  PSton  pins  laftpma) 

Vatvas  lonpmt  ax  axnaust) . 

Carburators.  potons.  nnps  ax  «atvas  *  s  x  . 


Inauury 

■nd 

pcoduei 


Oae>«Mn 
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3«»cnpi«n 


ELECTRONIC  AND  OTHER  ELECTRIC  EQUIPMENT 


rr»nslonmf«,  •Be*pt  •toctnoMC . 

PQw«r  and  dr»V«Mten  ......... 

Spacwtty  vsnsiemw^  «ac«0i  %tof—emn 

Ph<pr»iMnt  lAine  b«i«s^ . 


Pew  fgutBlory  ftcOBun.  mk  ocm  vuvterrwrt 


•arMDoraMn  inecen  «id  9«wsie^.. 


Pf»eBona)  mew  geoencor  ..••••. 

fBOtv  Qene^lD^  eeti^  .......m 

Pvci  forffioM  ane  ....... 


Cijnnw  end  ffaphte  pfed«*ett  ...................^.m.......... 


CaiMn  and  proeuok  rga.s. - 

Cardoa  W  tfrvniM  preduca.  - 


:  dreu^.  jfluenaf  < 


I 

■Am 


Gai  onga.  OMra.  i 
OOMv  wommoM  nu^ 


HOUM^OM  II..6SW..CMI  . 

FoM  lrM»n>  houMlQ.^  _ _ _ 

Pin)  tar  nounnpie  itngifia.)  me  »wn»  ..... 
HouMneH  wtrigtnttBn  me  inem.  niX  ...... 

Houimoie  Inmenr  leuipnMiit 
Hnimfinw  iime'y  memw.  ineb^  cainme  ne> 

OmMc  pQuM.irti  me  Imi . . 

Enesie  tmi.  «««9<  neunmi  t)<w> ....... _ 

SniM  iiieBic  xeuimaie  iseimea>.  ixme!  !mi>  „ 
Pins  me  isienmmu  ter  inut  nevimoie  mewc  i 
E  tec  me  houMwis  me  tins.  r..).). ............... 


Meiiimoie  vicMim  c>«m«n.  ineiweing  sms  me  inicnmimi., 

4ou»meie  ippomcn.  n.i.c _ _ ....... 

Housmoie  wim  mmn.  ii»egc» _ ...... 

HemmcB  eiiwr  Xml'S,  •aetp'.  Mcme*. 

Hogiineie  leetexen.  r.i.e_  me  sn  lor  xousmeie  UPtme 
Heuuxoie  isptmccs.  r.i.e.  u.e. _ _ _ _ _ _ _ ... 


Elieeie  Irnips  (PiPbi  me  tubes) ............ 

EiscDie  taiw  buba  and  tubaa^.... _ _ 

Eiacsie  tvnp  ane  aibn)  eeneenams.. 
Eivaie  iVTCs  (aPbs  %ne  LiPta).  ne-L 


arrykis  wiring  dtricat . 


Cen»afiienca  and  pew  pgOta’ 

Swaenea  ipr  ancneai  eretfey* 

Metal  cemaea*  _ _ _ _ _ 

Wire  eonmcWf9  for  eiaerca*  ersj^ 

Ctarartf<anying  w^nfig  or  wet  a.  r.ee.&.* 

*  Cueen«arrymg  wiring  ot»icei.  ra.L 

NeneurrenKarrylng  wiring  Oerieve 
Poi#  and  vanamawen  6nt  ria'Twerr*...,^,^,...,.,, 
Sieeriesi  eenOwt  and  eondvid 

NonorrenKaryng  wring  oeneei  a*<  augpiai.  n.ax.* 
NeneunemKarryng  wvmg  eeneea.  r^  K 

Rraidmtial  Ignong  fljriwrra* 

Rea«eneai  agneng  firturaa.  oeer  9e*tad<«^ 

Poriapie  rea^enaai  iigming  rwurra 

RtaMnui  agnpng  feVaa.  r..a  a  . . . 


Commerciai  SghOng  flaturea 
Cemma^Cial  ane  ritWueona'  ^.rturra* . 

tnOuamai  type  iigntfnc  fatire*' . . 

!  ConwfCial  hgnnne  ftirTu»«.  «  j  • . . 


P'OOyCl 
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transportation  equipment 


27\U 

37in 

37113 

37114 
3711$ 
3711$ 
37117 
3711$ 
3711$ 
37110 


37181 

37132 

37130 

371«- 

87142 

87144 

3714S 

37ia 

37147 

371 48 
37:40 
87148 


371S- 

37lSl 

37:S2 

871M 

371^ 

37:B 

S7ai« 

STZtt 

STZtS 

srzt7 

STZtB 

57210 


STM 


37843 

378*4 

87M 


37381 

372S2 

3730 

37380 

373>- 

37811 

37812 
37513 
37814 
37316 
87310 

8733- 

S7822 

37323 

37324 
87327 
37326 
37320 

8743- 

37431 

37432 

37433 
37430 

3TSU 

37$11 

57£ir 

37$i0 

8761- 

37611 

37612 

37613 
3*614 
37615 
37610 

3784- 

37845 

37646 

37647 
376a 
37640 

3788. 

37662 

37664 

37660 


Motor  »ohiOr«  4/^  or  be4i44  . . . . . . . 

PoMonoor  e»rt  and  enoMo  lor  um  Moo^aMry.................... ...................... ........... 

8u4W  and  8*4  •o'toas  lC^aaa4  ot  o-m  inan>aac84d) . . . . 

Cowftat  iioftdM  and  naoafl  Mcaca)  oo*«aa  9^  civnaro  . . . . . . 

Paso^'Qar  oar  80004  _ -  .. .................. 

TrucA  tmea>%.  a*tf  ane  ouTcn^sm  Iffuum  al  ow*  m0*dod&^  (iC.OOO  fe  or  Mr. . 

Tnidw  tu»  0000*4.  M  vuek  and  M  otaaoo  (OioM  ol  e«n  marMoCM*  :iO.Wi  to  18.500  Mr - 

TncA  mjcfc  0one*i>  arM  vM  ane  oum  cnaM  fCMM  of  omm  owiwMdkrm)  iiSSPi  10  3X000  Mr  .... 

TmdL  «osM*&  and  mjO>  ane  Owa  Otasaa  iMaao  o««t  manuMAro'  ;33.00i  M  0  n<e*ar  . . 

MoM*  «*M«a  and  ear  00dm.  rLtjL . . . . . . . 


TfuA  Mil  m  om  'immo  bod  ai  ............. 

CbMH  Miooa  OMOMOod  on  ptranaaod  mat  to 
Tim  M  M  oodioi.  njiX  ..........  . 


A6  90ior  meter  wmoom  san  and  assaaaonoi.  new.  ............................ 

PoOmM  om  }er  moor  vaMaa.  tidaM$  earatratora  and  angme  amgwa  agyiemont 
MOMTtMdo  pars  ane  m  ■aaasim.  naA  . . .  , 


^FaOora ..... ........ ...... 

7m  raiM  and  otaasa.  a»4  taang  of  1Q.OOO  M  0  000*  ........... 

tfM  ffiiaM  and  onaisa.  na  i*8n6  of  Mat  otan  10.000  M.... ....... 

Tim  oaias.  *iaA. . . . . . . . . 

Motor  Pawn  proMad  on  OMnajod  fOaaao*  —— ..................... 

iiAav  hoMot  &i5i  01  pursiaae  awnM  ..  _  _  - - 


JUrcnm  parta  md  moMary  opoMoffn. 

APcnlt  pars  and  aiirfiari’  aoMiMm.  n.aA.  ......... 


AircnA  pars  and  auafiary  oquMmil  ftoc.  nAk.................... . . . . 

Ship  PuBdinp  and  Matfiny* ............................................................ ........... 

NonpropaPad  ahipSk  now  eanawcaorf 

StH  preoaiMd  sM.  U.S.  mPsary.  nr»  eonrgi<6en  . . . 

Sa8-propo8#d  shMS,  nenm8ita*y.  new  eensrueaon  . . . 

Ship  rapair.  wiiwy  . . . 

Ship  fopair.  nowMary  . . . 

She  PtAMng  and  rapamnj.  . . . . 

Soat  OoPtfnp  and  rtpairtog*  ...................................................................... 

Ouooare  ihoieoois 
jnQoard  moiooeas 

inboafOMPM  boas  . . . 

Boas.  A.a.e.  (saiMots.  rewoeas.  sanoca.  «isj . . . . 

Boat  ttpaif.  iMary  ane  wmibiAif.............................. . . . . 

Boai  PUM6  and  raparnny  n.s.iL . . . . . . 


fUiroad  aOMipmant..................,..,.,.,,..,,,.,,,.,,,.,,,.,,. . . 

iPcomoiNta  Pen  naw  and  rapuir.  and  pars’ . . . 

Pasa«n90  and  daens  ram  aas.  new,  txckfdng  pais.^....... . . 

Sract»  auPwty.  rebay.  and  sod  ranar.  cos.  al  rapiad  raiieara.  and  pars  *s  a*  rotears......... . 

AaMead  aquMan;.  naa  . . . 

MotofcycMa  Pieycka  and  pars  . . .................... 

BdycMa  and  pa*tt  . . . . 

Mcbfcyciaa.  moM^et.  mcM*  asooM.  mceaCa  and  pa*s. . . . 

MotareieMs.  seyeiaa  ane  pa*s.  . . 


Culdad  mitinn  and  apaca  vahicM* . . . 

CempM  puead  mdiaat  (avewomp  prepuSen  tyatama)  . . . 

CempMia  apaea  vancM*  MtsMrtQ  bropMon  eyvarts)  . . 

rinaaicr  and  eawoMpmam  on  sompM  poeac  maoMf  . . . 

riaaaarsh  and  PrvaMpnianf  0  sompMia  spaea  »a*MbM  . . . . 

AP  othm  99'viC9$  on  eompMia  pvMad  mgtiiat  and  apad*  vohcMt . . . . . . 

GuMad  wiuiai  ane  tpaca  vanoes.  n.i.iL  . . . 

Spaea  propulaien  units  tnd  pa*ia . . . . . 

CempMi#  MSiM  0  sptea  vanco  anpmas  and/0  propidtien  unrs  . . . . . . 

Rasaaren  and  pavt»opff>arj  or  somptata  moiiit  et  apaea  vonM  an^npi  tne/0  ^epuSion  unaa 

SanMs  on  eampiaia  maana  0  spaea  vanes  anpmat  anc/0  yopuM*-  y^ix.  n  a.e. . . 

MMa  and  apaea  van<«a  anp^H  ane/0  0eo0a«en  tmn  pars  and  aeeattonaa . 

Spaea  p*opwMion  «n»s  and  part*  n.»  h........... . . . 

Spaea  vahicM  aguiprntnv  rua.e.  . . . . 

M<«i*a  and  apaea  vancia  cs^ponans.  pa*s.  and  tuOaaaampbaa.  n.a  :  . 

Paaaaren  and  dawnopmani  ©<*.  •n>tvia  ane  aoact  •ones  pana  and  S0*rg,mans.  r.a.c  . 

Spaea  vaniCM  touc'^nt.  n  t  -  -.ta.,.,.., . . . 
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M121 

M122 

»)20 


mzio 


INSmiHAEWTS  AND  RELAITO  PRODUCTS 


$«sr0k.  yiiHwr^  »«r»iiMioeal  MiBcai  »yiww>  iimt  vumlft.  9Mt 

fii>r1.  M  !!■  ijiiinnit  nTun^mo.  noi  wfAg  or  f  anwg  lodc 

3— ftfV  a<fcPOii.  ASHigsOoa  one  ^Anet  •ysMrm  ond  ...» _ _ _ ...... _ _ _ 

Soor^  OoMCtorv  ^uovoi.  MrviMMaL  ond  OMMd  •jrno'no.  own^aana.  ane  oouanwA 

ajA.  . . . .  ,  ................ 


BOWPOH .........  —  .  II..  II  ,  . . 

duwi— tc  tamtM  *Of  rajaaiwg  mm^anui  ora  nmmwtrtu)  aw  wymmmB  and  aPSteneaaP 


MZ7- 

3671 


3672 

33273 

38270 


38291 

38292 
3829« 
3829S 
38298 
38290 


3841* 

38411 

38412 
38410 


3842* 

38421 

38423 

38424 
38420 


3843- 

38431 

38432 
38430 


3844- 

38440 

3848- 

38480 

38S1- 

38811 

38514 

3881$ 

38816 

38817 
38810 


3881- 

38811 

38812 

38813 

38814 


38818 

38818 

38817 

38818 


38819 

38810 


3873- 

38731 

38732 


38730 


M  fta  eanra  •ojonM.  < 
!  ■myaiawiCH  mavunana* ..... 

4. 


Itfiaaiiflno  and  eontroSAff  dralru.  Aax............... ........... 

Aimn  onpina  inavumana,  aaeapl  fegrti*  ......................... 

Rnyacal  prooartM  and  kMmaoe  iMonp  and  aaoaoien  aouipinMB 
Ny0aar  ntfation  dataesion  and  monaannc  intffimma*  ............ 

Cwnarriat.  Qaopnyaical.  mataeroie^ai.  and  panarai.pkapeM  awM 
;  Stfvajnnp  ane  ormfling  inaoianarm  and  mnriaiad  aoiiipnWnli ....» 

Matawnnc  and  eowoging  da»«eaa.  acc.  nAt.................... 


Surpieat  and  inadical  tnatnimants  ..................................... 

Sorpiad  and  macteai  inaffianana  ane  aseara^a ........................ 

Heiddal  hmura  .........................w......................... 

Surpioil  and  matfeat  aiaffimnta.  Aa-a................................. 

Surpie^  apdWancaa  and  aup^iaa  ...................................... 

StrpioBl.  onAopadic.  preaotatic,  and  diarapainie  I9p8ancaa  and  .. 

Para9r«l  indudRha)  aaiaiy  davieas 

Eiaemie  nayinc  Ms 

$«roca2  aopteneaa  and  auppiiri. 


Damal  aputpinant  and  tvippiaa................. 

Oantii  prpfaaaienal  aQuipmant  and  luppriai 
Oantal  ttmeiY  aouipniartt  and  ijportfi  ....... 

Oama)  aptfpmafw  and  tuopliat.  aaIl . . 


X'tfay  appantua  and  mbaa......... 

Iffatfaapn  (Sonignp  rad^Pon)  aeub-'nrr’..... 

Dadbpniadtey  aowlpvnanl  .................. 

StUPiMiiadicji  aquipmawi  ................. 


Ophoiabnle  pooda  .............. 

OpnnaPnie  bona  ane  tampits.. 
04asa  oondiaanie  ioex«  tanaaa.. 
PiaaPei  ppntnaimie  toeua  lanaaa 

Contae  lanaaa . . 

Opnottlmie  pooda.  r.a.e. ....... 

Opwtttmie  poocA  Aa.a. . 


Onpioprapnte  aautpmvm  and  awppaaa, . . . 

Si#  pievf  aowQAwnt  . . . . 

Oneioeoor»np  aouipmami  . . 

Mpoon  pcaira  aqmpman:........ . . . 

Mcrsdlminp.  piwaprinpnp.  and  wrnnaywang  aoi^pmam... . . . . 

Pnpiapraonc  aanadsad  8im  and  piaiaa.  nyioa  lypa.. . . 

Sanvssad  pnetopra9n<  papar  and  a4var  naaea  lypa . 

Sanwtsad  pnpioprapnie  ten.  piam.  paoar.  ane  etem.  potar  oian  w^^  haaea  >9* 

Oraparad  pnoioprapnic  cna*n<ap . . . . 

X.rav  ten  and  pUiaa  . . . . . 

Rneieprapnie  aoMOn»ani  and  aupo^aa.  '‘•ax.......... . . . . 


Watetkaa.  doeta.  watenctaaa.  and  panta  . . - . 

waienaa.  wawneaaaa.  mpyamano  y  npd«r^  and  watch  para . 

Ooeka.  yiwtff  macharwna.  vna  awnsnaa.  aee«  mevamama,  eipea  eoaaa.  a-K  pa-3, 
watenaa.  eioeaa.  and  •■teneaaei.  aaa.  . . . . 
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